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$EVWUDFW—,Q RUGHU WR PDLQWDLQ VDIH DQG HIILFLHQW RSHUDWLRQ RI D IOXLGL]HG EHG HOHFWURVWDWLF
FKDUJHV LQ WKH EHG VKRXOG EH PRQLWRUHG FRQWLQXRXVO\ (OHFWURVWDWLF VHQVRUV ZLWK ZLUHPHVK
HOHFWURGHVDUHLQWURGXFHGLQWKLVSDSHUWRPHDVXUHWKHFKDUJHGLVWULEXWLRQLQWKHFURVVVHFWLRQRIWKH
IOXLGL]HG EHG $ )LQLWH (OHPHQW 0RGHO LV EXLOW WR LQYHVWLJDWH WKH VHQVLQJ FKDUDFWHULVWLFV RI WKH
ZLUHPHVKVHQVRUV,QFRPSDULVRQZLWKFRQYHQWLRQDOHOHFWURVWDWLFVHQVRUVZLUHPHVKVHQVRUVKDYH
KLJKHUDQGPRUHXQLIRUPVHQVLWLYLW\GLVWULEXWLRQ%DVHGRQWKHLQGXFHGFKDUJHVRQWKHHOHFWURGHV
DQGWKHVHQVLWLYLW\GLVWULEXWLRQVRI WKHVHQVRUV WKHFKDUJHGLVWULEXWLRQ LQWKHFURVVVHFWLRQRI WKH
IOXLGL]HGEHGLVUHFRQVWUXFWHG+RZHYHULWLVGLIILFXOWWRGLUHFWO\PHDVXUHWKHLQGXFHGFKDUJHVRQ
WKHHOHFWURGHV$FKDUJHFDOLEUDWLRQSURFHVVLVFRQGXFWHGWRHVWDEOLVKWKHUHODWLRQVKLSEHWZHHQWKH




SURFHVV WKH HVWLPDWHG LQGXFHG FKDUJHV RQ WKH HOHFWURGHV DUH FDOFXODWHG IURP WKH 5RRW 0HDQ
6TXDUH YDOXHV RI WKH HOHFWURVWDWLF VLJQDOV 7KH FKDUDFWHULVWLFV RI WKH LQGXFHG FKDUJHV RQ WKH
HOHFWURGHV DQG WKH FKDUJH GLVWULEXWLRQ LQ WKH FURVV VHFWLRQ XQGHU GLIIHUHQW IORZ FRQGLWLRQV DUH
LQYHVWLJDWHG ZKLFK SURYHV WKDW ZLUHPHVK HOHFWURVWDWLF VHQVRUV DUH DEOH WR PHDVXUH WKH FKDUJH
GLVWULEXWLRQLQWKHEXEEOLQJIOXLGL]HGEHG











FULWLFDO YDOXH WKH SDUWLFOHV LQ WKH EHG PD\ DGKHUH WR WKH ZDOO DQG HYHQ FDXVH GLVFKDUJHV DQG


H[SORVLRQ >@ ,Q RUGHU WR PDLQWDLQ VDIH DQG HIILFLHQW RSHUDWLRQ RI WKH IOXLGL]HG EHG WKH




ZRXOG LQIOXHQFH WKH PHDVXUHPHQW UHVXOW $SDUW IURP )DUDGD\ FXSV HOHFWURVWDWLF SUREHV ZHUH
GHYHORSHG WR PHDVXUH WKH HOHFWURVWDWLF FKDUJHV LQ IOXLGL]HG EHGV $ WKHRUHWLFDO PRGHO ZDV
GHYHORSHGE\&KHQHWDOWRH[SODLQWKHHOHFWULFDOFXUUHQWVLJQDOVGXHWRWKHSDVVDJHRILVRODWHGJDV
EXEEOHVLQDIOXLGL]HGEHG>@%DVHGRQWKLVPRGHODFROOLVLRQSUREHZDVEXLOWWRPHDVXUHWKH





FKDUJHGHQVLW\ DQG EXEEOHSURSHUWLHV LQDEXEEOLQJ IOXLGL]HG EHG7KH HVWLPDWHGSDUWLFOH FKDUJH
GHQVLW\DQGEXEEOHULVHYHORFLW\ZHUHLQUHDVRQDEOHDJUHHPHQWZLWKWKRVHREWDLQHGXVLQJD)DUDGD\
FXS DQG YLGHR LPDJLQJ +RZHYHU HOHFWURVWDWLF SUREHV FDQ RQO\ SURYLGH ORFDOL]HG FKDUJH
GLVWULEXWLRQ LQIRUPDWLRQ QHDU WKH HOHFWURGH ,Q RUGHU WR PDLQWDLQ DQ HIIHFWLYH RSHUDWLRQ RI WKH
IOXLGL]HGEHGWKHHOHFWURVWDWLFFKDUJHGLVWULEXWLRQLQWKHZKROHFURVVVHFWLRQRIWKHEHGVKRXOGEH
PRQLWRUHG
$V D QRQLQYDVLYH WRPRJUDSK\ PHWKRG HOHFWURVWDWLF WRPRJUDSK\ (67 ZDV DSSOLHG WR YLVXDOL]H
WKH IORZ SDWWHUQ DQG UHFRQVWUXFW WKH FKDUJH GLVWULEXWLRQ LQ WKH SQHXPDWLF FRQYH\LQJ SLSHOLQH
>@$HOHFWURGHV\VWHPZDVDSSOLHGE\*UHHQHWDOWRUHFRQVWUXFWWKHFRQFHQWUDWLRQSURILOH






DUHD RI WKH SLSH ,Q DGGLWLRQ DV FKDUJHV VWD\ RQ SDUWLFOH VXUIDFH WKH (67 PHWKRG UHTXLUHV WKH


LQIRUPDWLRQ RI WKH VL]H DQG WKH VKDSH RI WKH SDUWLFOHV WR UHFRQVWUXFW WKH VROLGV FRQFHQWUDWLRQ
SURILOH




























































:LUHPHVK VHQVRUV KDYH DOUHDG\ EHHQ ZLGHO\ DSSOLHG LQ WKH PHDVXUHPHQW RI JDVOLTXLG DQG
OLTXLGOLTXLG WZRSKDVH IORZV EDVHG RQ WKH FDSDFLWLYH DQG FRQGXFWLYH PHWKRGV 3HQD DQG
5RGULJXH] SUHVHQWHG D UHYLHZ RI WKH DSSOLFDWLRQV RI ZLUHPHVK VHQVRUV WR PXOWLSKDVH IORZ
PHDVXUHPHQW >@ 7KH DGYDQWDJHV DQG GLVDGYDQWDJHV RI ZLUHPHVK VHQVRUV ZHUH DQDO\]HG






SURYHG WKDW WKH FKDUJH GLVWULEXWLRQ FDQ EH UHFRQVWUXFWHG XVLQJ WKH LQGXFHG FKDUJHV RQ WKH
HOHFWURGHVDQGWKHVHQVLWLYLW\GLVWULEXWLRQVRI WKHVHQVRUVZKLFKQHHGVIXUWKHUYHULILFDWLRQ LQWKH
UHDO H[SHULPHQWDO VHWXS 7KLV SDSHU SUHVHQWV PRUH GHWDLOHG H[SHULPHQWDO UHVXOWV DORQJ ZLWK
LQWHUSUHWDWLRQVRIFKDUJHGLVWULEXWLRQPHDVXUHPHQWXVLQJZLUHPHVKHOHFWURVWDWLFVHQVRUV6LQFHLW
LVGLIILFXOWWRGLUHFWO\PHDVXUHWKHLQGXFHGFKDUJHVRQWKHHOHFWURGHVDFKDUJHFDOLEUDWLRQSURFHVV






















%\ WDNLQJ WKH VWUHQJWKRI WKHZLUHV DQG WKHREVWUXFWLRQ WR WKHSDUWLFXODWH IORZ LQWRDFFRXQW WKH
ZLUHV DUH PDGH IURP VWDLQOHVV VWHHO ZLWK D GLDPHWHU RI  PP 6KULQNDEOH SODVWLF WXEHV ZLWK D
WKLFNQHVVRIPPDUHILWWHGRXWVLGHWKHZLUHVWRSUHYHQWWKHGLUHFWFKDUJHWUDQVIHUEHWZHHQWKH
FKDUJHGSDUWLFOHV DQG WKHZLUHV:KHQ WKH FKDUJHGSDUWLFOHVSDVV WKURXJK WKHPHVK FKDUJHV DUH
LQGXFHG RQ GLIIHUHQW HOHFWURGHV RI WKH VHQVRUV %\ PHDVXULQJ WKH LQGXFHG FKDUJHV IURP WKH
HOHFWURGHVWKHFKDUJHGLVWULEXWLRQLQWKHFURVVVHFWLRQRIWKHIOXLGL]HGEHGLVUHFRQVWUXFWHG,QWKH





PHDVXUHPHQW V\VWHP )LJXUH  VKRZV D SKRWR RI WKH ZLUHPHVK HOHFWURVWDWLF VHQVRUV :LWK WKH
IOXFWXDWLRQ RI HOHFWURVWDWLF FKDUJHV RQ WKH SDUWLFOHV DQG WKHLU PRYHPHQW D PLQXWH FKDQJH LQ








                                

ZKHUH Vm LV WKH PHDQ YHORFLW\ RI SDUWLFOHV W LV WKH D[LDO ZLGWK RI WKH HOHFWURGH DQG Kb LV D
SURSRUWLRQDOLW\ FRHIILFLHQW DQG HVWLPDWHG WREHEHORZ DFFRUGLQJ WR UHIHUHQFH >@6LQFH WKH
PHDQYHORFLW\RISDUWLFOHVLVXVXDOO\OHVVWKDQPVLQWKHEHGDQGWKHD[LDOZLGWKRIWKHHOHFWURGH
LVPP WKHEDQGZLGWKRI WKHHOHFWURVWDWLFVLJQDO LV WKXVHVWLPDWHG WREHEHORZ+]$VD
UHVXOWWKHVLJQDOLVIHGLQWRDVHFRQGRUGHUORZSDVVILOWHUZLWKDEDQGZLGWKRI+]ZKLFKLV
HQRXJK IRU WKH G\QDPLFV UHVSRQVH RI WKH PHDVXUHPHQW V\VWHP )LQDOO\ WKH VLJQDO LV IXUWKHU
DPSOLILHG WKURXJKDJDLQDGMXVWDEOHDPSOLILHU7KHVFKHPDWLFGLDJUDPRI WKHVLJQDOFRQGLWLRQLQJ








,Q RUGHU WR LPSURYH WKH SHUIRUPDQFH RI WKH ZLUHPHVK HOHFWURVWDWLF VHQVRUV WKH VHQVLQJ












q dsV ³                                 
,QYLHZRIWKHZLUHPHVKVWUXFWXUHRIWKHHOHFWURVWDWLFVHQVRUV)LJXUHLWLVLPSRVVLEOHWRILQGDQ
DQDO\WLFDO VROXWLRQ WR WKH DERYH HTXDWLRQV +RZHYHU LW LV SRVVLEOH WR EXLOG D )LQLWH (OHPHQW
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                             
ZKHUHqiLVWKHLQGXFHGFKDUJHRQWKHLWKHOHFWURGHDQGqsLVWKHFKDUJHRQWKHSDUWLFOH%\SODFLQJ
WKH FKDUJHG SDUWLFOH LQ GLIIHUHQW SRVLWLRQV RI WKH FURVV VHFWLRQ WKH VHQVLWLYLW\ SURILOH RI HDFK
HOHFWURGHRIWKHVHQVRULVREWDLQHG7KHVHQVLWLYLW\GLVWULEXWLRQRIWKHZLUHPHVKVHQVRUVLVVKRZQ
LQ)LJXUH ,W FDQEHFRQFOXGHGIURPWKHVHQVLWLYLW\SURILOHVRIHOHFWURGHV;DQG; WKDWHDFK
HOHFWURGHLVPRUHVHQVLWLYHWRWKHFKDUJHGSDUWLFOHQHDUWKHZLUH7KHVHQVLWLYLW\GLVWULEXWLRQSe 
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FRQVLGHUHG DQG WKH FRUUHVSRQGLQJGLVWDQFHV EHWZHHQ WKH ZLUHV DUH  PP  PP DQG  PP
UHVSHFWLYHO\ $FFRUGLQJ WR WKH SURFHVV JLYHQ LQ 6HFWLRQ ,, % WKH VHQVLWLYLW\ GLVWULEXWLRQV IRU
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

ZKHUHSavgDQGSdevDUHWKHDYHUDJHDQGWKHVWDQGDUGGHYLDWLRQRIWKHVHQVLWLYLW\GLVWULEXWLRQHLV
WKH KRPRJHQHLW\ RI WKH VHQVLWLYLW\ GLVWULEXWLRQ 7KH VPDOOHU WKH H WKH PRUH KRPRJHQHRXV WKH
VHQVLWLYLW\ GLVWULEXWLRQ 7KH KRPRJHQHLW\ RI WKH VHQVLWLYLW\ GLVWULEXWLRQ IRU GLIIHUHQW QXPEHUV RI












































*LYHQ WKH VHQVLWLYLW\ GLVWULEXWLRQV RI WKH ZLUHPHVK VHQVRUV LI WKH FKDUJH GLVWULEXWLRQ LQ WKH
IOXLGL]HG EHG LV NQRZQ WKH LQGXFHG FKDUJH RQ HDFK HOHFWURGH LV FDOFXODWHG ,QYHUVHO\ LI WKH
LQGXFHGFKDUJHRQHDFKHOHFWURGHLVDYDLODEOH WKHFKDUJHGLVWULEXWLRQLQWKHFURVVVHFWLRQFDQEH










S x y 
 ¦                         
ZKHUHqrecxyLVWKHUHFRQVWUXFWHGFKDUJHLQWKHSRVLWLRQxyqiLVWKHLQGXFHGFKDUJHRQWKHiWK
HOHFWURGHRI WKH VHQVRUV DQGSi xy LV WKH VHQVLWLYLW\RI WKH iWK HOHFWURGH LQ WKHSRVLWLRQ xy
$FFRUGLQJWRHTXDWLRQ WKHFKDUJHRQSDUWLFOHqsLQWKHSRVLWLRQxyLVREWDLQHGE\GLYLGLQJ
WKH LQGXFHG FKDUJHqi RQ WKH iWK HOHFWURGH ZLWK WKH VHQVLWLYLW\Si x y RI WKH iWK HOHFWURGH 7KH
UHFRQVWUXFWHG FKDUJH LQ WKH SRVLWLRQ x y LV WKH DYHUDJH RI WKH FRQWULEXWLRQV IURP DOO WKH
HOHFWURGHVRIWKHVHQVRU%\FDOFXODWLQJWKHUHFRQVWUXFWHGFKDUJHLQGLIIHUHQWSRVLWLRQVRIWKHFURVV




PP DQG VXUIDFH FKDUJH RI & LV SODFHG LQ WKH FHQWHU RI WKH ZLUHPHVK VHQVRUV %\ XVLQJ WKH


)(0PRGHO WKH LQGXFHG FKDUJHRQ HDFK HOHFWURGH LV FDOFXODWHG$FFRUGLQJ WR HTXDWLRQ  WKH
UHFRQVWUXFWHGFKDUJHGLVWULEXWLRQLVREWDLQHGDQGVKRZQLQ)LJXUH6LQFHWKHLQGXFHGFKDUJHRQ










LQ RUGHU WR UHFRQVWUXFW WKH FKDUJH GLVWULEXWLRQ +RZHYHU LW LV GLIILFXOW WR GLUHFWO\ PHDVXUH WKH
LQGXFHGFKDUJHRQHDFKHOHFWURGHRIWKHZLUHPHVKHOHFWURVWDWLFVHQVRUV7KHHOHFWURVWDWLFVLJQDOLV
JHQHUDWHGGXHWRWKHIOXFWXDWLRQRILQGXFHGFKDUJHRQWKHHOHFWURGHZKLFKLVUHODWHGWRWKHFKDUJHV




IOXLGL]HG EHG LW LV GLIILFXOW WR FRQWURO DQG PHDVXUH WKH FKDUJHV RQ WKH SDUWLFOHV GXULQJ WKH
H[SHULPHQWV >@ ,Q WKH SUHVHQW VWXG\ D FDSDFLWRU ZLWK WLPH YDU\LQJ FKDUJH ZDV XVHG WR










































RI WKH HOHFWURVWDWLF VLJQDO LV DQ LQGLFDWLRQ RI WKH VLJQDO IOXFWXDWLRQ DQG WKXV 506 YDOXH RI WKH
ILOWHUHG VLJQDO LV FDOFXODWHG WR UHIOHFW WKH TXDQWLW\ RI WKH LQGXFHG FKDUJH RQ WKH HOHFWURGH ,Q
DGGLWLRQWKHLQGXFHGFKDUJHRQHDFKHOHFWURGHRIWKHVHQVRUVLVHVWLPDWHGIURPWKHFKDUJHRQWKH
FDSDFLWRU DQG WKH VHQVLWLYLW\ GLVWULEXWLRQ RI WKH HOHFWURGH ZKLFK LV REWDLQHG IURP WKH )(0
PRGHOLQJ$VDUHVXOWWKHUDWLREHWZHHQWKHLQGXFHGFKDUJHRQHDFKHOHFWURGHDQGWKH506YDOXH










UHJLRQEHORZ WKH VWDWLFEHGKHLJKWZKLOH VSODVK UHJLRQ LV EHWZHHQ WKH VWDWLFEHGKHLJKW DQG WKH
H[SDQGHGEHGKHLJKW7KHH[SHULPHQWDODQDO\]HLQSUHVHQWZRUNFDQEHGLYLGHGLQWRWZRJURXSV
ZKLFKDUHWKHFKDUJHGLVWULEXWLRQPHDVXUHPHQWLQWKHGHQVHSKDVHUHJLRQDQGWKHVSODVKUHJLRQRI
WKH EXEEOLQJ IOXLGL]HG EHG UHVSHFWLYHO\ 7KH OD\RXW RI WKH EXEEOLQJ IOXLGL]HG EHG DQG WKH
GLVWULEXWLRQRIZLUHPHVKVHQVRUVDUHVKRZQLQ)LJXUHDDQGDSKRWRRIWKHH[SHULPHQWDOVHWXS
LV JLYHQ LQ )LJXUH  E 7KH IOXLGL]HG EHG ZDV PDGH RI WUDQVSDUHQW 3OH[LJODV ZLWK DQ LQQHU
GLDPHWHURIPPDQGDKHLJKWRIPP$SHUIRUDWHGSODWHGLVWULEXWRUZLWKDSRUHGLDPHWHU
RI  PP DQG DQ RSHQ DUHD UDWLR RI  ZDV ILWWHG DW WKH ERWWRP RI WKH IOXLGL]HG EHG 7KH








UHODWLYHKXPLGLW\7KH PRLVWXUH FRQWHQWRI WKH IOXLGL]LQJ DLU GRHV QRW FKDQJH WKH UDWH RI FKDUJH
JHQHUDWLRQ EXW LQFUHDVHV WKH UDWH RI FKDUJH GLVVLSDWLRQ ,W LV IRXQG LQ VRPH VWXGLHV WKDW KLJK
UHODWLYHKXPLGLW\KHOSVUHGXFLQJHOHFWURVWDWLFFKDUJHVDQGUHDFWRUZDOOIRXOLQJLQWKHEHG>@





WKH VKDSH RI WKH SDUWLFOHV LV URXJKO\ VSKHULFDO 7KH SDUWLFOHV ZHUH GULHG EHIRUH HDFK WHVW UXQ WR
HOLPLQDWHKXPLGLW\HIIHFWV7KHPLQLPXPIOXLGL]DWLRQYHORFLW\ZDVREWDLQHGIURPWKHFRQYHQWLRQDO
SUHVVXUHGURSPHWKRG >@ZKLFKZDVPV IRUSUHVHQW VDQGSDUWLFOHV7KH IOXLGL]DWLRQDLU
IORZUDWHLVYDULHGIURPPKWRPKGXULQJWKHH[SHULPHQWVZKLFKZDVPHDVXUHGXVLQJD


























SKDVH UHJLRQ PRYH PDLQO\ XSZDUGV DQG WKH VROLGV FRQFHQWUDWLRQ LV KLJK $ W\SLFDO HOHFWURVWDWLF
VLJQDOIURPVHQVRUV LVVKRZQLQ)LJXUHD:LWKWKHHOHFWULFDOGLVFKDUJHRIWKHFKDUJHVRQWKH
SDUWLFOHVWKHVSLNHVDUHJHQHUDWHGLQWKHHOHFWURVWDWLFVLJQDO$OWKRXJKWKLVHIIHFWLVPLQLPL]HGLQ
WKHVLJQDOFRQGLWLRQLQJHOHFWURQLFV WKHUHDUHVWLOO VRPHVSLNHVSUHVHQW LQ WKHVLJQDO DVVKRZQ LQ
)LJXUHDDQGWKH\ZLOODIIHFWWKH506YDOXHRIWKHVLJQDO$VDUHVXOWDVLJQDOILOWHULQJSURFHVV
ZDV FRQGXFWHG XVLQJ WKH :DYHOHW 7RROER[ RI 0$7/$% 7KH ILOWHULQJ RI WKH VLJQDO ZDV
DFFRPSOLVKHG WKURXJK ZDYHOHW GHQRLVLQJ ZKHUH 'DXEHFKLHV ZDYHOHW RIRUGHU IRXU ZDV VHOHFWHG
6LQFH WKH XVHIXO FRPSRQHQW RI WKH HOHFWURVWDWLF VLJQDO ZDV EHORZ  +] DQG WKH VDPSOLQJ





D2ULJLQDOVLJQDO                       E)LOWHUHGVLJQDO
)LJXUH$W\SLFDOHOHFWURVWDWLFVLJQDOIURPWKHZLUHPHVKHOHFWURVWDWLFVHQVRUV 

506 YDOXHV RI WKH ILOWHUHG VLJQDOV IURP GLIIHUHQW HOHFWURGHV IRU GLIIHUHQW DLU IORZ UDWHV DUH
FDOFXODWHG,QWKHFDOFXODWLRQSURFHVVHDFK506YDOXHLVFDOFXODWHGIURPGDWDRIWKHVLJQDO
%DVHGRQWKHUDWLRIURPFKDUJHFDOLEUDWLRQH[SHULPHQWVLQGXFHGFKDUJHVRQGLIIHUHQWHOHFWURGHVRI
WKH ZLUHPHVK VHQVRUV DUH FDOFXODWHG IURP WKH 506 YDOXHV RI WKH HOHFWURVWDWLF VLJQDOV ,QGXFHG
FKDUJHVRQHOHFWURGHV;DQG;IRUIOXLGL]DWLRQDLUIORZUDWHVRIPKDQGPKDUHVKRZQ
LQ)LJXUH:LWK WKH IOXFWXDWLRQRIVROLGVFRQFHQWUDWLRQDQGVROLGVYHORFLW\ LQ WKHGHQVHSKDVH
UHJLRQ WKHUH DUH ODUJH YDULDWLRQV RI FKDUJHV RQ SDUWLFOHV DQG WKXV WKH LQGXFHG FKDUJHV RQ WKH
ZLUHPHVKVHQVRUVIOXFWXDWHGXULQJWKHVDPSOLQJSHULRG7KHDYHUDJHLQGXFHGFKDUJHRQHOHFWURGH
;LVKLJKHUWKDQWKDWRQHOHFWURGH;XQGHUWKHVDPHIOXLGL]DWLRQDLUIORZUDWHDQGWKHRIIVHWLV






























D)OXLGL]DWLRQDLUIORZUDWHPK          E)OXLGL]DWLRQDLUIORZUDWHPK
)LJXUH,QGXFHGFKDUJHVRQHOHFWURGHV;DQG;LQWKHGHQVHSKDVHUHJLRQ

7KH VDPSOLQJ GXUDWLRQ RI WKH HOHFWURVWDWLF VLJQDO LV  VHFRQGV DQG WKH LQGXFHG FKDUJH RQ WKH
HOHFWURGHLVFDOFXODWHGHYHU\WZRVHFRQGVWKXVLQGXFHGFKDUJHVDUHREWDLQHG7LPHDYHUDJHG




HOHFWURGHV LQFUHDVHZLWK WKHIOXLGL]DWLRQDLU IORZUDWH ,Q WKHGHQVHSKDVHUHJLRQ WKHSDUWLFOHV LQ
WKHQHDUZDOOUHJLRQKDYHDORZHUYHORFLW\WKDQWKDWLQWKHFHQWHUGXHWRWKHZDOOHIIHFWRIWKHEHG
0HDQZKLOHWKHSDUWLFOHVLQWKHQHDUZDOOUHJLRQPD\PRYHGRZQZDUGV'XHWRWKHGLIIHUHQFHLQ
WKH VROLGVYHORFLW\EHWZHHQ WKH FHQWHU DQG WKHQHDUZDOO UHJLRQ WKH HOHFWURVWDWLF FKDUJHVRQ WKH
SDUWLFOHVGHSHQGRQUDGLDOSRVLWLRQV$VDUHVXOWWKHLQGXFHGFKDUJHRQWKHHOHFWURGHLQWKHFHQWHU
RIWKHFURVVVHFWLRQLVKLJKHU7KHULVLQJYHORFLW\RIWKHEXEEOHVLQFUHDVHVZLWKWKHIOXLGL]DWLRQDLU







7KHUHDVRQIRU WKHDERYHUHVXOWV LV WKDW LQ WKHEXEEOLQJIOXLGL]HGEHG WKH IORZG\QDPLFV LQ WKH
FHQWHURIWKHEHGLVPRUHWXUEXOHQWWKDQWKDWQHDUWKHZDOODQGWKXVWKHIOXFWXDWLRQRIWKHLQGXFHG














































FKDUJH RQ HOHFWURGH ; LV KLJKHU %HVLGHV WKH IORZ EHKDYLRU RI VROLG SDUWLFOHV EHFRPHV PRUH
WXUEXOHQW ZLWK WKH LQFUHDVH RI IOXLGL]DWLRQ DLU IORZ UDWH OHDGLQJ WR LQFUHDVHG IOXFWXDWLRQ LQ WKH
LQGXFHGFKDUJH























































&KDUJH GLVWULEXWLRQ LQ WKH GHQVH SKDVH UHJLRQ FDQ EH UHFRQVWUXFWHG XVLQJ WKH DYHUDJH LQGXFHG
FKDUJHV RQ WKH HOHFWURGHV DFFRUGLQJ WR HTXDWLRQ  )LJXUH  VKRZV WKH UHFRQVWUXFWHG FKDUJH
GLVWULEXWLRQLQWKHFURVVVHFWLRQIRUIOXLGL]DWLRQDLUIORZUDWHRIPK7KHFRORUEDUUHSUHVHQWVWKH
HVWLPDWHGTXDQWLW\RIWKHFKDUJH$OWKRXJKWKHFKDUJHVLQWKHFHQWHURIWKHFURVVVHFWLRQDUHKLJKHU
WKH FKDUJH GLVWULEXWLRQ LQ WKH FURVV VHFWLRQ RI WKH GHQVH SKDVH UHJLRQ LV UHODWLYHO\ XQLIRUP









,Q WKH IOXLGL]HG EHG ZLWK WKH PRYHPHQW RI DLU EXEEOH VROLG SDUWLFOHV PRYH XSZDUGV DQG EHG




WKH EXEEOH EXUVWLQJ DW WKH EHG VXUIDFH 'XH WR HUXSWLRQV RI WKH EXEEOHV WKH VROLGV SDUWLFOHV DUH





FRUUHVSRQGLQJ VWDQGDUG GHYLDWLRQV RI LQGXFHG FKDUJHV RQ GLIIHUHQW HOHFWURGHV IRU GLIIHUHQW

































D)OXLGL]DWLRQDLUIORZUDWHPK          E)OXLGL]DWLRQDLUIORZUDWHPK
)LJXUH,QGXFHGFKDUJHVRQHOHFWURGHV;DQG;LQWKHVSODVKUHJLRQ
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5HFRQVWUXFWHGFKDUJHGLVWULEXWLRQ LQ WKH VSODVK UHJLRQ IRU IOXLGL]DWLRQDLU IORZ UDWHRIPK LV








































JLYHQ LQ )LJXUH  7KH FRORU EDU UHSUHVHQWV WKH HVWLPDWHG TXDQWLW\ RI WKH FKDUJH 'XH WR WKH









DYHUDJH FKDUJHV GXULQJ WKH VDPSOLQJ SHULRG DUH FDOFXODWHG DV VKRZQ LQ )LJXUH  'XH WR WKH





DDWVHFRQG                           EDWVHFRQG 

FDWVHFRQG                           EDWVHFRQG 













































































































































,Q WKLV SDSHU ZLUHPHVK HOHFWURVWDWLF VHQVRUV KDYH EHHQ LQWURGXFHG WR PHDVXUH WKH FKDUJH




HOHFWURGHV DQG WKH FKDUJH GLVWULEXWLRQ LQ GLIIHUHQW SDUWV RI WKH EXEEOLQJ IOXLGL]HG EHG DUH
LQYHVWLJDWHG,WKDVEHHQIRXQGWKDWLQWKHGHQVHSKDVHUHJLRQWKHLQGXFHGFKDUJHRQWKHHOHFWURGH




WKH PHDQ FKDUJH OHVV WKDQ  +RZHYHU LQ WKH VSODVK UHJLRQ WKH LQGXFHG FKDUJHV RQ WKH
HOHFWURGHVDQGWKHFKDUJHGLVWULEXWLRQLQWKHFURVVVHFWLRQDUHVWURQJO\LQIOXHQFHGE\WKHWXUEXOHQW
IORZEHKDYLRUDQGWKHFKDUJHVLQGLIIHUHQWSDUWVRIWKHEHGIOXFWXDWHRYHUWLPH 








7KH DXWKRUV ZLVK WR DFNQRZOHGJH WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD 1R
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